Abstract The primary objectives of this study were to investigate incidence of abnormal ovarian cyclicity (AOC) and its type in dairy and beef cows with prolonged postpartum period (>90 days) and in heifers that fail to conceive. A total of 53 animals were included in the study: 17 Friesian crosses, 16 Braford crosses, eight Brangus crosses, and 12 local Kedah-Kelantan (KKX) crosses. These animals were initially checked for absence of pregnancy via palpation per rectum. Blood samples for progesterone analysis were obtained twice a week for 2 to 3 months following their spontaneous oestrous cycle, and all animals were rechecked for pregnancy at the end of the study. Progesterone analysis indicated that 33.9% of the total animals were having AOC: 18.9% with cessation of ovarian cyclicity, 9.4% with prolonged luteal phases (PLP), and 5.7% short luteal phases. The highest incidence was observed in Brangus crosses (62.5%), followed by Braford crosses (43.8%), and Friesian crosses (35.3%). In contrast, no AOC was observed in the local KKX breeds, and all of them were found to be pregnant at the end of the study. A significant difference (p<0.05) in the incidence of AOC and its type was observed between KedahKelantan crosses and the other breeds. Although not significant (p>0.05), Friesian crosses showed a higher percentage incidence of AOC than beef cows (40% vs 36.4%), with major types being PLP (26.7%) in dairy and cessation of ovarian cycle (27.3%) in beef cows. Compared with beef heifers, beef cows showed a higher percentage of AOC (36.4% vs 28.6%) where again, cessation of cyclicity was the predominant abnormality. In conclusion, AOC reflected by abnormal endocrine pattern is a possible cause of reduction in fertility for dairy and beef cows beyond 90 days postpartum and heifers that fail to conceive.
Introduction
Success in dairy and beef farming depends on a year-round calving interval in cows and establishment of cyclicity following puberty and sexual maturity in heifers (Shrestha et al. 2004a, b; Hanzen et al. 1994) in pasture-based systems. Failure of beef and dairy cows and heifers to meet the required fertility leads to lowered production efficiency through reduced number of lactations, uneconomical milk or beef production, and reduced number of female offspring for herd replacement (Lamming and Darwash 1998) . In heifers, 24-month age at first calving is generally considered to be economically optimum with regards to productivity and duration of herd life (Hanzen et al. 1994) . The calving interval in cows is influenced by time lag between calving and the resumption of ovarian activity in the postpartum period (Shrestha et al. 2004a, b) . An optimum postpartum period of 65 days is recommended followed by conception within 85 to 90 days of the postpartum period in cows (Noakes 2000; Opsomer et al. 1998 ). However, the postpartum period can be affected by a number of factors such as prolonged postpartum anestrus period and increased incidence of abnormal ovarian activity. With this regard, a number of studies have been conducted mainly focusing on the postpartum period in dairy and beef cows to investigate ovarian dysfunction (Opsomer et al. 1998) , endocrine pattern (Humphrey et al. 1983) , risk factors associated with anestrus (Santos et al. 2009; Yavas and Walton 2000; Opsomer et al. 2000) , and effect of abnormal ovarian cyclicity during this period on subsequent reproductive performance (Shrestha et al. 2004a, b) .
According to Opsomer et al. (1998) , almost half of the modern high-yielding dairy cows suffer from ovarian dysfunction in the preservice postpartum period, most important disorders being delayed cyclicity or anovulation and prolonged luteal phase, which together account for 90% of the abnormalities. Moreover, 15.9% of ovarian afunction (absolute ovarian inactivity with no functional structures on the surface) has been reported in dairy cows with postpartum period between 60 and 90 days (Mwaanga et al. 2003) . Incidence of abnormal ovarian cyclicity has been reported to be increasing in high-yielding dairy cows, causing poor fertility that leads to increased culling rate and economic loss (Royal et al. 2000; Shrestha et al. 2004a, b) . Shrestha et al. (a, b) investigated the incidence and effects of abnormal ovarian cycles during the preservice postpartum period on the subsequent reproductive performance of high-producing Holstein cows in a subtropical region. The result showed a high incidence of abnormal ovarian cycles during the preservice postpartum period in high-producing dairy cows. Prolonged luteal phase and anovulation are the two most important types of abnormal ovarian cycles which can reduce reproductive performance of the dairy cows, including conception and pregnancy rates within 100 days after calving and the intervals from calving to first artificial insemination (AI) and to conception.
In normal postpartum beef cattle, resumption of ovarian cycle is reported to be delayed (35-60 days) compared with dairy cows, and the delay is affected by several factors such as nutrition, cow-calf interaction, and others (Yavas and Walton 2000) . Studies on Bos taurus beef cows in the USA reported a high incidence of anoestrus (53%) 7 days before the breeding season (Lucy et al. 2001 ) with significant effect on conception (Day 2004) .
The basis for establishment of a remedy for a particular problem is to find out the underlying causes for that problem. Although the incidence and significant effect of abnormal ovarian cyclicity during the postpartum period on reproductive performance is well known, there is less evidence to say that the same problem causes the low fertility in dairy and beef cows with prolonged postpartum period (>90 days) and heifers with failure of conception. Moreover, presence of variation among different breeds in the incidence and type of abnormal ovarian cyclicity in problematic cows and heifers in the tropics is not well studied. Therefore, the objectives of the present study were to investigate the incidence of abnormal cyclicity and its type in problematic dairy and beef cows and heifers and to see if there exists any breed and age differences.
Materials and methods

Animals
The study was carried out at the University's beef and dairy farm from December 2007 to March 2008. The average daily temperature of the area is 27°C with humidity level about 90%. Several breeds of bulls (Friesian Sahiwal for dairy cows; Brangus, Brahman, Simmental, Droughtmaster, and local Kedah Kelantan breeds for the beef cows) were used for natural breeding. According to their medical record, all the bulls were diagnosed to be negative for reproductive diseases such as vibriosis and brucellosis. A total of 53 animals, stratified into four groups depending on their production type (beef or dairy) and breed, were used in this study. Of which, 17 were Friesian crosses (FRX) in the dairy group [two heifers with mean age of 34 months and 15 cows with average postpartum period (pp) of 8.1 months; range 5-22 months]. The rest comprised 16 Braford crosses (BRFX; six heifers with mean age 32.5 months, range 31-37 months and ten cows with mean pp 6.7 months, range 5-10 months), eight Brangus crosses (BRX; three heifers with mean age 33.5 months, range 31-36 months and five cows with mean pp 11.8 months, range 9-18 months), and 12 local Kedah Kelantan (KK) crosses (five heifers with mean age 29.25 months, range (25-31 months and seven cows with mean pp 3.3 months, range 3-4 months) were in the beef group. Average body condition scores for FRX, BRFX, BRX, and KKX were 3.4, 3.5, 3.6, and 3.5, respectively in a 1 to 5 grading scale. Of the total dairy cows, five of them were nonlactating dry cows, while ten of them were milking cows with calves separated starting from the day of calving. Unlike the dairy cows, in the beef group, calves were allowed to suckle until the age of 7 months. Of the total cows in the beef group, all the KKX, seven of the BRFX, and three of BRX were with suckling calves, while the rest were non-lactating dry cows.
Selection of animals was based on records of poor reproductive performance in each herd: due to delayed age at first calving (>24 months) in heifers (mean age 31 months, range 25-37 months) and prolonged postpartum open days of more than 90 in cows (mean 6 months, range 3-22 months) as calculated for the whole group. Calving rates for animals in each group were 56.6% (FRX), 33.3% (BRFX), 43.5% (BRX), and 92.4% (KK). Before the study commenced, animals were checked for non-pregnant status via palpation per rectum and for any obvious clinical disease problems. At the end of the study, animals were rechecked for pregnancy per rectum. Cows more than 8 years old were not included in the study to exclude probability of senility as possible causes of infertility.
Feeding depends on production type. Dairy cattle pellet composed of palm kernel cake (PKC) and additional supplements such as soya, corn, and wheat, at 5 kg per day per animal calculated for the whole dairy herd, were given to the dairy group. Dairy cows were let to graze in the pasture during the day and housed in free stalls under roof in the evening. Beef animals were kept on pasture grazing with PKC supplement 1-1.5 kg per day per animal. Cows were allowed to run free with the bulls, and a bull was used for 2-3 weeks with 1:30 bull/cow ratio.
Blood sampling and progesterone assay
Blood samples for progesterone (P 4 ) analysis were obtained in heparin-coated 10 ml sterile vacutainer tubes by jugular vein puncture twice weekly for about a 2-to 3-month period. Immediately after sampling, tubes were put in an ice box. These tubes were centrifuged at 2,500×g for 20 min at 4°C, and separated plasma samples were transferred to sterile tubes and kept at −30°C pending analysis.
Plasma P 4 concentrations were measured using a commercially available solid-phase radioimmunoassay kit (Coat-A-Count; Siemens Medical Solutions Diagnostics, 5210 Pacific Concourse Drive, Los Angeles, CA 90045-6900, USA). Sensitivity of the kits was 0.02 ng/ml. The intra-and inter-assay coefficient of variations were 5.52 and 8.21, respectively.
Definition of ovarian cycles
A progesterone level of 1 ng/ml was taken as the threshold value to indicate luteal activity (Ghanem et al. 2008 ). According to Petersson et al. (2006) and Shrestha et al. (2004a, b) , cows and heifers were classified into the following different groups based on characteristics of their P 4 profiles:
1. Normal cycle: regular cycle throughout the study period and/or those with initial regular cyclicity followed by maintained high P 4 level (>1 ng/ml) due to pregnancy. 2. Abnormal cycle: ovarian cycle deviated from the normal which is subdivided as follows:
a. Prolonged luteal phases (PLP): one or more ovarian cycles with luteal activity for more than 20 days b. Short luteal phases (SLP): one or more luteal phases not exceeding 10 days c. Cessation of ovarian cycle: weak or no luteal activity with all P 4 levels below 1 ng/ml for at least 14 days during the study period
Statistical analysis
Total and specific types of abnormal ovarian cycles from the whole group and each group were expressed as a percentage of the total number of animals in the whole group and in each group, respectively. Since the data are categorical, nonparametric statistical test for more than two independent samples (KruskalWallis H test using SPSS V-16.0) was used to test for the presence of significant differences among all four groups. When a significant difference is obtained (p<0.05), a separate comparison between any two breeds was made using Mann-Whitney U test. The same test was also applied to compare differences between cows and heifers in the beef group.
Results
The different types of ovarian cycles in dairy and beef cows with prolonged postpartum open days of more than 90 with mean 6 months (range 3-22 months) and heifers with average age 31 months (range 25-37 months) but fail to conceive are depicted with representative progesterone profiles in Fig. 1 . The frequency and percentage incidences of abnormal ovarian cycles and their types, in cows and heifers of each breed, are shown in Table 1 . Out of the total 53 animals (35 cows and 18 heifers), 33.9% (18/53) showed abnormal ovarian cyclicity (Table 1 ). The predominant type was cessation of cyclicity (18.9%; 10/53) followed by PLP and SLP, which were 9.4% (5/53) and 5.7% (3/53), respectively ( Table 1 ). The rest, 49.1% (26/53) and 16.9% (9/53), of the total cows and heifers account for the animals with initial regular ovarian cycle followed by pregnancy and animals with regular cycle but remain open until the end of the study, respectively (Table 2 ). When each breed was considered, 35.3% (6/17) of FRX, 43.8% (7/16) of BRFX, and 62.5% (5/8) of BRX were found to have abnormal ovarian cycles (Table 1) . No abnormal ovarian cycle was observed from the local KKX breed and all of them found to be pregnant at the end of the study (Table 1) . Statistical tests showed the presence of significant differences (p<0.05) in incidence of abnormal ovarian cycles and their types when comparison is made among the four groups and also when all the three breeds (FRX, BRFX, and BRX) were separately compared with the KKX breed. However, there was no significant difference (p>0.05) among the three breeds (FRX, BRFX, BRX) when comparison was made with each other for both incidence of total abnormal ovarian cycles and their types. Nevertheless, as shown in Table 1 , a predominantly higher percentage of cessation of ovarian cycles were found in both BRFX (31.3%; 5/16) and BRX (37.5%; 3/8) breeds which altogether account for the total 22.2% (8/36) of abnormal ovarian cycles found in the beef cows and heifers (Table 2 ) compared with dairy FRX breed (11.8%; 2/17). On the other hand, PLP (23.5%; 4/17) was the predominant type of abnormal ovarian cycle found in dairy FRX breeds compared with BRFX (0%; 0/16), BRX (12.5%; 1/8), and KKX (0%; 0/12) breeds of the beef group (Table 1) .
Comparison between dairy and beef cows (excluding heifers) showed a difference in percentage incidence and types of abnormal ovarian cycles, though not significant (Fig. 2) . A higher percentage (40%) of abnormal ovarian cycle was found in the dairy cows compared with a relatively lower incidence (36.4%) in beef cows (BRFX, BRX, and KKX cows). With regard to specific type of abnormal ovarian cycles observed, beef cows showed the highest percentage of cessation of cyclicity (27.3%) and SLP (9.1%) compared with dairy cows which showed 13.3% and 0%, respectively. Prolonged luteal phase on the other hand was higher in incidence in dairy group cows than in beef group (26.7% vs 0%).
Considering heifers as one group and cows as another group, all from beef type (Fig. 3) , cows showed a higher percentage of abnormal ovarian cycles (36.4%) compared with heifers (28.6%), though not significant. In both cases, cessation of cyclicity accounts for the highest percentage incidence of abnormal cycle in type, 27.3% in cows which is relatively higher than in heifers (21.4%). The percentage of SLP was higher in cows (9.1%) with no PLP (0%) observed, while PLP was higher in heifers (7.1%) with no SLP (0%), unlike cows (Fig. 3) . Comparison between cows and heifers in the dairy group was not made as the number of heifers is too small (2/17) to make comparison.
Discussion
Success in dairy and beef farming depends on a yearround calving interval in cows and establishment of cyclicity following puberty and sexual maturity in heifers. In order to reach an optimal calving interval of 1 year, cows should resume cycling early in the postpartum period and be able to breed within 65 days after calving (Noakes 2000; Opsomer et al. 1998 ). However, this has been reported to be affected adversely by increased incidence of ovarian disturbances in the immediate postpartum period mainly in dairy cows (Shrestha et al. 2004a, b; Zdunczyk et al. 2002; Opsomer et al. 1998 ) and prolonged postpartum The marked points on the line of the graph that shows the progesterone profile correspond to the actual days of sampling. a Normal ovarian cycles throughout the study period. b Normal ovarian cycle where an initial regular cycle is followed by maintained high P 4 level due to pregnancy confirmed via palpation per rectum at the end of the study. c Abnormal ovarian cycle: prolonged luteal phase for more than 20 days followed by resumption of cyclicity. d Abnormal ovarian cycle: short luteal phase between 22nd and 32nd days of sampling. e Abnormal ovarian cycle: cessation of ovarian cyclicity with P 4 level (<1 ng/ml) throughout the study period acyclicity in beef cows (Yavas and Walton 2000) . According to Opsomer et al. (1998) , a prevalence of 46.5% of abnormal progesterone profiles was reported in dairy cows. Of the 46.5% abnormal profile, PLP, cessation of cyclicity and SLP accounted for 20%, 3%, and 0.5%, respectively. In our study, in the dairy cows alone (>90 days postpartum), prevalence of 40% (6/15) abnormal profiles comprising 26.7% (PLP) and 13.3% (cessation of cyclicity) were obtained which is comparable with the previous result. However, there is relatively higher incidence for PLP (26.7% vs 20%) and cessation of cyclicity (13.3% vs 3%). The high prevalence for PLP in this study is in agreement with Petersson et al. (2006) who reported PLP as the main type of atypical progesterone profile in Swedish dairy cows (<60 days postpartum). In another study (Zdunczyk et al. 2002) , a similar occurrence for cessation of ovarian cycle (10.5%) was reported in dairy cows less than 60 days postpartum, but a low incidence of PLP (0.5%). The similar prevalence observed in our study compared with previous studies (Petersson et al. 2006; Zdunczyk et al. 2002) for PLP and cessation of ovarian cycle, respectively, reported in the preservice postpartum period (<60 days) might indicate existence of problems in cows of more than 90 days postpartum length as a continuation from the preservice period. However, some of the discrepancies observed in the percentage incidence of PLP and cessation of cyclicity compared with Zdunczyk et al. (2002) and Opsomer et al. (1998) , respectively, might be attributed to the differences in sample size, geographical location, management, breed, and fertility status of cows which were all problematic dairy cows with prolonged postpartum open days (>90 days) used in our study. Compared with dairy cows where fertility is a major problem due to ovarian dysfunction (Wiltbank et al. 2002; Lopez-Gaitus et al. 2002) and conception failure (Washburn et al. 2002; Royal et al. 2000) , nulliparous heifers have few reproductive abnormalities, and conception rate has been reported to be between 50% and 60% (Ahmad et al. 1996) . Sartori et al. (2004) , in their comparative study on progesterone profiles between dairy cows and heifers (10-16 months old) showed that heifers have very low percentage of 6.9% (2/29) of atypical ovarian pattern compared with cows, 54.8% (17/31). In our study, only two heifers were selected as having a problem of conception from the dairy group, and their progesterone profiles of both heifers did not show abnormal ovarian cyclicity. Conversely, a large number of heifers with 33.3% (12/36) in the beef group were found to be having a problem to conceive in our study, but still proportionally low compared with beef cows with 66.7% (22/36). From the total number of beef cows and heifers (BRFX+BRX+KKX), 33.3% (12/36) showed abnormal ovarian cycles. Four of them are heifers while the remaining eight are cows. When we consider heifers and cows separately, 28.6% (4/14) heifers and 36.4% (8/22) cows showed abnormal ovarian cycles. In beef heifers, the predominant types of abnormal ovarian cycles are cessation of cyclicity (21.4%) and PLP (7.14%), whereas in cows, cessation of cyclicity is the predominant type (33.3%) followed by SLP (9.1%). Unlike dairy heifers discussed earlier, beef heifers showed a comparable incidence of abnormal cycle with beef cows. Beef heifers have been shown to have lower fertilization rates and reproductive failure equally attributable to both fertilization failure and early embryonic loss prior to day 8 of gestation period like in cows (Kesler 1999) . Compared with beef cows, dairy cows in our study showed higher percentage of abnormal cyclicity (40% vs 36.4%), and the predominant type of abnormal ovarian cycle in dairy cows is PLP (26.7%), while cessation of cyclicity was predominantly found in beef cows (27.3%). This may be due to suckling effect or cow-calf interaction which is known as a cause for delayed anoestrus period in beef cows compared with dairy cows (Yavas and Walton 2000) . Moreover, nutritional difference may have also contributed for the variation in incidence and type of abnormal ovarian cycle between the dairy and beef cows. Individual breed analysis for incidence of abnormal ovarian cycles in the beef group showed 43.8% (7/16), 62.5% (5/8), and 0% for BRFX, BRX, and KKX breeds, respectively. In both BRFX and BRX breeds, the predominant type of abnormal ovarian cycle was cessation of cyclicity which together account for the total 22.2% incidence in beef cows and heifers. Local KKX breeds in this study showed a significant difference from the rest three breeds in the incidence of abnormal ovarian cycle and its type; no abnormal ovarian cycle was observed and all of them were pregnant at the end of the study. This is not surprising as these cows were selected from a herd of cattle with a record of very high calving rate, >92% in the previous year, compared with the other breeds, dairy FRX (56.6%), BRFX (33.3%), and BRX (43.5%). This generally might indicate the presence of genetic differences among breeds in the incidence and types of abnormal ovarian cycles that can result in differences in fertility parameters such as conception rate (Perea-Ganchou et al. 2005) . In addition, adaptation differences to the hot humid tropical environment may account for the big difference between the local KKX and the other three breeds. Under the hot and humid condition, despite high rainfall that produces more forage, high humidity and temperature cause stress and affect the reproductive function through modifying endocrine balance and altering oviductaluterine environment that delays or interrupts embryo development (Perea-Ganchou et al. 2005) . Zebu cows (Bos indicus) and their crossbreeds have lower levels of milk production and better adaptation to adverse tropical environment and hence show lower postpartum body condition losses but a higher reproductive efficiency than the predominantly B. taurus cows (Perea-Ganchou et al. 2005) Abnormal luteal function in lactating cows have been reported to be associated with reduced pregnancy rate, whereby cows with normal progesterone profiles showed significantly higher pregnancy rate than cows with abnormal profiles (87% vs 33%) following AI (Hommeida et al. 2004 ). Moreover, a significantly higher AI submission rate, conception rate, and pregnancy rate between 44 and 100 days postpartum were reported in dairy cows with normal ovarian cycle in the first 44 days postpartum than those with prolonged luteal phases (Shrestha et al. 2004a, b) . This might confirm the high percentage of abnormal luteal activity, mainly PLP (26.7%), in dairy cows in our study to be a major cause for the reduction in fertility observed in the dairy group.
During pregnancy, bovine conceptus produces a signal from about 14 days after fertilization which results in prolongation of the corpus luteum. However, if embryo dies at 14 or 15 days of gestation (early embryonic death), the cow will return to oestrus at a normal interval and the cycle remains regular (Noakes 2000; Kesler 1999 ). In our study, the progesterone profiles of 16.9% of cows and heifers of the total animals showed regular ovarian cycles, but still remain open in the presence of bulls. This might indicate that these animals are suffering from early embryonic mortality which is a major cause of reproduction failure in cows (Santos et al. 2004 ). On the other hand, if embryo dies late (between 16 and 42 days post breeding), the luteal activity is displayed as prolonged luteal phases from progesterone profile (Noakes 2000) . In our study, detection of heat and mating records in the dairy group on opportunistic bases showed prolonged luteal phases between two matings in three animals that is most likely due to late embryonic mortality.
Conclusion
The present study demonstrated a high incidence of abnormal ovarian cyclicity as a cause of reduction in fertility in dairy and beef cows (>90 days postpartum), which is a well-known ovarian disturbance during the preservice postpartum period. The result also showed the presence of abnormal ovarian cycles mainly in dairy cows possibly as a continuation of similar problem during early postpartum period. In addition, the present study enabled comparative studies between dairy and beef cows of various breeds and also between cows and heifers. With this regard, the study showed PLP as a predominant type of abnormal ovarian cycle in dairy cows of Friesian crosses and cessation of ovarian cyclicity as the predominant type in beef cows and heifers of both Braford and Brangus crossbreeds, but no abnormal ovarian cycle was found in the local KKX cows and heifers. These clearly indicates the presence of differences in breed, age, and the primary risk factors for abnormal ovarian cycles in dairy and beef cows that remain open beyond 90 days postpartum and heifers that fail to conceive at the age of mean (31 months). This indirectly tells us the need to further research in order to identify the risk factors in both dairy and beef cows that remain open beyond 90 days postpartum and in heifers that fail to conceive for the correct approach to be applied in reversing the problem.
